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   Load Calculation- ACCA Manual J (8th Edition) 

 
 

            WHY DESIGN?? 
 

• Oversized equipment degrades humidity control 
• Oversized equipment requires larger ducts 
• Oversized equipment has a higher up front cost 
• Under-sizing equipment can cause discomfort during severe weather  
• Oversized equipment  causes short cycling and reduces the air conditioning 

systems ability to remove moisture 
• Equipment that is sized properly operates more efficiently and  economically   
• Increased duct system efficiency 
• Demonstrate “due diligence” in a court of law 
• Equipment size typically 30-50% smaller than systems designed by “rule of 

thumb” 
• Reduce operating cost 
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                                 2009 IRC 
 
M1401.3 Sizing. Heating and cooling equipment shall be sized in accordance with ACCA   Manual 
S based on building loads calculated in accordance with ACCA Manual J or other approved heating 
and cooling calculation methodologies. 
 

M1601.1 Duct design. Duct systems serving heating, cooling and ventilation equipment shall be 
fabricated in accordance with the provisions of this section and ACCA  Manual D or other 
approved methods. 
 

M1601.3.1 Joints and seams. Joints of duct systems shall be made substantially 
airtight by means of tapes, mastics, gasketing or other approved closure systems.  Closure systems 
used with rigid fibrous glass ducts shall comply with UL 181A and shall be  marked “181A-P” for 
pressure-sensitive tape, “181A-M” for mastic or “181A-H”  for  heat-sensitive tape. Closure 
systems used with flexible air ducts and flexible air  connectors shall comply with UL 181B and 
shall be marked “181B-FX” for pressure-sensitive tape or “181B-M” for mastic. Duct connections 
to flanges of air distribution system equipment or sheet metal fittings shall be mechanically fastened.  
Mechanical fasteners for use with flexible nonmetallic air ducts shall comply with  UL 181B and 
shall be marked 181B-C. Crimp joints for round metal ducts shall have a contact lap of at least 1.5 
inches (38 mm) and shall be mechanically fastened by means of at least three sheet metal screws or 
rivets equally spaced around the joint. Closure systems used to seal metal ductwork shall be installed 
in accordance with the manufacturer’s installation instructions.  
 

N1103.2.2 Sealing.  
Ducts, air handlers, filter boxes and building cavities used as ducts shall be sealed. Joints and seams 
shall comply with Section M1601.4. Duct tightness shall be verified by either fo the following: 
  
1.Post-construction test: Leakage to outdoors shall be less than or equal to 8 cfm (3.78 L/s) per 100 
ft2 (9.29 m2) of conditioned floor area or a total leakage less than or equal to 12 cfm (5.66 L/s) per 
100 ft2 (9.29 m2) of conditioned floor area when tested at a pressure differential of 0.1 inch w.g. (25 
Pa) across the entire system, including the manufacturer's air handler end closure. All register boots 
shall be taped or otherwise sealed during the test. 
  
2.Rough-in test: Total leakage shall be less than or equal to 6 cfm (2.83 L/s) per 100 ft2 (9.29 m2) of 
conditioned floor area when tested at a pressure differential of 0.1 inch w.g. (25 Pa) across the 
roughed in system, including the manufacturer's air handler enclosure. All register boots shall be 
taped or otherwise sealed during the test. If the air handler is not installed at the time of the test, 
total leakage shall be less than or equal to 4 cfm (1.89 L/s) per 100 ft2 (9.29 m2) of conditioned floor 
area. 
  
Exception: Duct tightness test is not required if the air handler and all ducts are located within 
conditioned space. 
 

A reasonably well accepted definition of ‘substantially airtight ductwork’ 
 

  ‘If ductwork is located inside the buildings thermal envelope the    
    ductwork shall not leak more than 10% of design airflow’  
 

  ‘If ductwork is located outside the buildings thermal envelope the    
    ductwork shall not leak more than 5% of design airflow’  



                                                                                                                                                                                                   Energy Codes 2010 July 

© Gil Rossmiller 2010                                                                                            Page 4 of 48 

 

                        The Residential HVAC Design Process: 
 
 
1. Load Calculation- ACCA Manual J (8th Edition)  
 
 The entire design process leads to and rests upon the room to room load calculations. It is 
the Manual J that calculates the homes heating and cooling needs. (Does the ‘Code’ require 
cooling?) This includes each separate room’s thermal requirements. You do want  each room to be 
comfortable, don’t you?? 
 
 There are many times when more than one HVAC system is required to meet a homes 
 heating and cooling needs. A zoning plan would then need to be developed. ACCA 
 Manual RS provides in-depth information on zoning and system selection. Zoning and 
 system selection MUST be part of the homes design process. 
 
 
2. Equipment Selection- ACCA Manual S 
 
 Now that the load calculation is done, proper sized equipment can be selected. 
 Equipment selection has its own set of rules. Learning how to read and interpret  the 
 manufactures equipment performance data including the fine print. The goal here is to 
 select equipment that will: 
  1. Meet the homes calculated heating and cooling needs under design   
         conditions. 
  2. Will have enough blower power to move the correct amount of air   
         through the duct system.   
 
 
3. Duct Design – ACCA Manual D 
  

In residential systems, the duct system is designed to match the equipments blower 
capabilities. Not the other way around!! Careful attention must be paid to duct length and 
type of fittings used. Proper attention to duct design will insure that the needed amount of 
conditioned air is delivered to each room. 

 
 
4. Room Air Distribution – ACCA Manual T 
 
 Selecting the proper sized grilles and registers has its own set of requirements. You 
 could have a properly sized system, perfect equipment, an outstanding duct system and 
 ruin everything with the incorrect grilles and registers.  
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 WHAT IS NEEDED FOR AN ACCURATE LOAD CALCULATION? 
 

• Use outdoor design Conditions from MJ8 Table 1A  
  These values are not the worst weather conditions ever experienced in a   
  city; but they do represent extremes that on the average will only be   
  exceeded a few dozen hours per season. Local code requirement may   
  supercede theses values. 
 
 1% Summer Outdoor Drybulb, The outdoor temperature that will only be   
 exceeded for 1% of the hours of a standard weather year, as defined by the bin hour  
 data for that location.  
 
 99% Winter Outdoor Drybulb,  The outdoor temperature that will be equal to or less 
 than 99% of the hourly outdoor temperature that will occur during a standard weather 
 year, as defined by the bin hour data for that location. 
 
 

     

 

 
 
    

Coincident Wet Bulb represents the average wet-bulb temperature expected to co-exist with the 1% 
dry-bulb temperature 
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WHAT IS NEEDED FOR AN ACCURATE LOAD CALCULATION? 

 
 

• Indoor design conditions  
 

  Winter 70° Dry Bulb at a RH that will not produce visible condensation   
  this is typically not more than 30%. 
 
  Summer 75° Dry Bulb at 50% RH 
  This is psychometrically equivalent to 62° wet bulb. This will be important when  

we size the cooling equipment. 
 

• Infiltration Estimates 
  Full credit should be taken for the type of construction used. This could be  
  from blower door tests or builders track record. MJ8 has five construction quality   
  types Tight, Semi-Tight, Average, Semi-Loose and Loose.   
 
         ACH 

         Heating     Cooling 
Tight ---------- .10   .05 
Semi-Tight --   .19   .10 
Average ------  .28   .15 
Semi-Loose -- .43   .23  
Loose --------- .58   .30 

 
Typically builders will use ‘Average’ construction. See Manual J Table 5A.  

 
• Solar Loads Associated with Glass 
  In MJ8 solar gains are ignored in the heating calculation. This produces a  
  conservative estimate of the load associated with an extended period of   
  heavy day time cloud cover. In the case of the MJ8 cooling load, the   
  tabulated data provides an estimate of the combined load (solar and   
  conductance) associated with the glass, by direction of exposure. Be sure   
  and take credit for drapes, insect screens, blinds, external screens and   
  overhangs. 

 
• Duct losses and Gains 
  Where and how ducts are installed can have a large impact on the required  
  loads. Ducts installed in an attic can add a ton or more to the air    
  conditioning load. Leaky ductwork can range from 30% to more    
  than 45% of the blower CFM.  
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WHAT IS NEEDED FOR AN ACCURATE LOAD CALCULATION? 
 
 
 
• Conduction Loads 
  The structural component conduction loads caused by the design    
  conditions can be reasonably calculated. The designer should take full   
  credit for all construction details. R-values, mass walls, etc. 

 
 

 
 
 
• Ventilation Loads 
  Some builders may choose to bring in ventilation air or may be required   
  by the local code. How the ventilation air is introduced into the system   
  will determine the effect on heating or air conditioning loads. Is the air   
  brought directly into the return air trunk line or through a heat-recovery   
  devise? 

 
 
 
 
• Internal loads 
  MJ8 provides some generic values for internal loads created by people and  
  appliances.  
  Defaults for MJ8: 
  Appliances – 1500 Btuh per appliance 
  People – 230 Btuh Sensible, 200 Btuh Latent, 20 cfm of ventilation air   
  per person 
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                 Load Calculation- ACCA Manual J (8th Edition) 
 
 
There are four accredited ACCA Manual J 8th Edition software programs 
 

• Elite RHVAC  
• Wrightsoft Right-J8 
• Nitek HVAC Wizard 
• Adtek AccuLoads 

 
 
 
 
 
Manual J-AE (Abridged Edition) has limitations: 
 

1. The structure is a single family detached dwelling; the total window, glass door and skylight 
area does not exceed 15% of the associated floor area. 

2. The glass is equitably distributed around all sides of the dwelling – the dwelling appears to 
have obvious and sufficient exposure diversity. 

3. Heating and cooling is provided by a central, single zone, constant volume system.  
4. The comfort system is not equipped with a ventilation heat exchanger or a ventilating 

dehumidifier. 
 
These are the first four of twenty-six different requirements that must be answered with a ‘Yes’ 
to confirm that MJ-AE is the appropriate calculation tool. MJ-AE is very good for learning the 
basic requirements for residential load calculation.     
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    DEFINE YOUR THERMAL BARRIER 
 
 

• Building thermal barrier consists of: 
• Fenestration 
• Ceilings 
• Walls 

• Above grade 
• Below grade 
• Mass walls 

• Floors 
• Slab 
• Crawl space     

 
 

 
                                                 
 
                                            

          
 
 

Conditioned space 
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        Today’s House 
               Denver        Climate Zone 5B         Prescriptive Path  
 

 
 
 
R-19 Exterior Walls 
R-38 Ceilings  
R-30 Floors 
Windows   U-Value = .34     SHGC = .40 
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        Today’s House 
 

 
 

 
Weather Data from Table 1A 

1% Summer Outdoor Drybulb  = 90° F 
99% Winter Outdoor Drybulb = 3° F 
Elevation = 5333’ 
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                            Sensible Heat Equation to calculate a preliminary cooling CFM 
 
 

CFM = Sensible Load � (1.1 x ACF x ∆T) 
 
Where: 
Sensible Load (Btuh) is the sensible cooling load from the MJ8 load calculation.  
CFM (cubic feet per minute) is the volume of the air moving through the furnace and the indoor 
cooling coil. 
1.1 is a physical constant for the equation. 
ACF (altitude correction factor) is the adjustment for air density at the local altitude.  
 ∆T is the temperature difference in the air between the inlet and the outlet furnace/cooling coil. 
We will use the table from Manual S.  

 
 

 
 

Sensible Heat Ratio vs. Cooling Coil Temperature 
Difference (∆T) 
              JSHR                   ∆T 
        Below 0.80                21° F 
        0.80 – 0.85                19° F 
       Above 0.85                17° F 
              ∆T = Entering Dry Bulb – Leaving Dry Bulb 

 
 

A high SHR will have a low or negative latent load (like Denver at elevation) 
A low SHR will have a large latent load (like Florida)  
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Adequate Exposure Diversity 

  According to Manual J 8 procedures, a zone is defined as having Adequate Exposure   
 Diversity (AED) if the maximum hourly glazing load (PFG) does not exceed the average   
 glazing load (AFG) by more than 30%. The amount over 30% of the AFG is defined as   
 the AED Excursion. 
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                Load calculation questions? 
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                            Equipment Selection 
         ACCA Manual S 

   Heating  
 

The required load (Heat Loss) on our example house is 29,891 Btuh.  
I have selected a Carrier (No reason but that I had all of the performance specifications) model 
58MCB 040-12x. This unit has a 40,000 Btuh input rating and has an efficiency rating of 
92.3 AFUE. 
 
The output rating will be about 33,156 Btuh after derating for efficiency and for altitude.  
 
 40,000 x .923 = 36,920 x .90 = 33,156 Btuh 
 
So what is the correct adjustment for altitude??  Manual S does have generic deration factors but 
only if the manufacturer does not provide any deration information. See the footnotes in the 
performance data.  
 
Per Manual S it is acceptable to size up to 140% the MJ8 required load for gas fired forced air 
furnace 
29,891 x 1.4 = 41,847 > 33,156 Btuh 
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           Equipment Selection                           
                                             Heating  
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Equipment Selection 
               Heating  
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    Equipment Selection 
             Heating  
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           Heating Equipment Selection Questions? 
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Equipment Selection 
                 Cooling 
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Equipment Selection 
                 Cooling 

 
      You will need the detailed cooling capacities to verify proper sizing  
 

 
 
Our target loads:    Total = 16,613 Btuh      Sensible = 16,613 Btuh        Latent = 0.00 Btuh 
 
Remember we said that 75° dry bulb at 50% RH is psychometrically equal to 62° wet bulb.  
EBW = Entering Wet Bulb temperature.   We will use the 62° value   
  The designer has chosen 800 cfm (We will see if that works)  
  
The air entering the condenser (the outdoor unit) is the outside dry bulb design temperature. 
  Remember for Denver the outdoor design temperature is 90° dry bulb.  

Per Manual S we can be with in 5°. We will use the 95° value.  
 
At first glance this equipment has no latent capacity. Notice the total and sensible capacities are the same at 
21,350 Btuh. Now look at the footnote ‡ 
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Equipment Selection 
                 Cooling 
 
The designer has chosen 800 cfm. That is about 80% of 1000 cfm, so we will use a deduction of             
668 Btuh 
 
Remember our indoor design temperature is 75° not 80°.   
So:  80 – 75 = 5 x 668 = 3,340     New sensible capacity is 21,350 – 3,340 = 18,010 Btuh 

 
So we have equipment that looks like this: 
Total Capacity = 21,350   Sensible Capacity = 18,010 Btuh    Latent Capacity = 3,340 Btuh 

 
SHR = 18,010/21,350 = .84 (Close enough to our target of .85) 

 
  Per Manual S we can be up to 15% oversized:  

  Target total load of 16,613 x 1.15 = 19,104 Btuh < 21,350 Btuh    
   So this unit is slightly oversized (technically)   
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Equipment Selection 
                 Cooling 
 

 
 
 
 

What about the effects of altitude? 
 
If you are moving 1000 cfm at sea level are you moving 1000 cfm at 5000’? 
 
Air at altitude is less dense than air at sea level and therefore you need to move more air at altitude 
to get the same performance or derate the capacity.  
 
All of the performance data provided by the manufacturers is performance at sea level. Adjustments 
must be made for performance at altitude. Unfortunately very few if any manufactures provide any 
guidance for altitude adjustment for air conditioners.  
Fortunately Manual S does in appendix 6 

 
  The formula for air density correction: 
  CFM at Altitude = Sea-Level Flow Rate / Density Ratio 
                

The air density correction factor for 5000’ is .832 
Solve for example house: 
800/.832 = 962 cfm 
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     Equipment Selection 
              Cooling 
 
 
Now we have determined that our cooling equipment will have the capacity needed at 962 cfm. 
The question now is will the blower deliver?  
 
Remember earlier we used .7 IWC for heat cfm. It appears if we set the blower at High it will 
deliver 995 cfm. Works for me!  
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            Cooling Equipment Selection QUESTIONS? 
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     Manual D 
           Duct Sizing 
 
Now that we have determined the house loads and selected the proper sized equipment, how do 
make certain the needed cfm is delivered to each room???? 
 
Manual D provides us with design parameters and calculations that will result in a duct system that 
will provide adequate air flows to rooms. Not designing your ductwork at this stage can have 
disastrous results like: 

• Undersized ductwork effects furnace temperature rise (to high) 
• Undersized ductwork effects cooling capacity (freezing coil) 
• Equipment efficiency is lessened – more energy is used and comfort levels go down 
• Unacceptable noise levels 

  
Manual D requires that the duct system be equipped with balancing dampers. Manual D will get 
you close but is not perfect. Some duct over sizing will occur; with balancing dampers the flow can 
be adjusted.  
How many contractors actually use balancing dampers one their systems?? 
In my experience very few, this is not a bad thing but the builder may have some comfort issues.  
 
Steps in duct design: 
 

1. Determine cfm flow to each room 
 
2. Make a rough sketch of duct runs- supplies and returns  
 I encourage designers to do this on the framing plan to avoid structural members. 
 
3. Collect information on blower and all air side pressure drops.  
 This would be the coil, air filters, registers and grills. 
 
4. Determine the total equivalent length of the duct work. 
 This is the longest supply path plus the longest return path. 
 Don’t forget the fittings.  
 
5. Determine the friction rate. You will need to know available static pressure. 

 
6. Size all ductwork based on needed flow and friction rate.  

 
 

                            See how easy it is!!!! 
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                       Manual D 
                                    Duct Sizing 
 
           A reasonably well designed system will be within these parameters: 

1. Total system flow will be ± 5% of design flow. 
2. Room flows will be ± 10% of design flow. (I have allowed ± 20%) 
3. Total system static will be ± 0.10 IWC of design.  
4. Duct velocities are within Manual D recommendations.  

 
                                                  Recommended Velocities (FPM)  

               Supply Side                    Return Side 
 Recommended     Maximum   Recommended       Maximum 
 Rigid Flex Rigid  Flex  Rigid   Flex  Rigid     Flex 
Trunk Ducts   700  600  900  700  600  600   700   700 
Branch Ducts   600  600  900  700  400  400   700   700 
Supply Outlet Face Velocity Size for throw         700         -------          -------- 
Return Grille Face Velocity        --------      --------         -------             500 
Filter Grille Face Velocity        --------     ---------         -------             300 

                  Copy of Table 3-1 from ACCA Manual D 
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     Manual D 
                                    Duct Sizing 
The required cfm to each room is relative to the rooms calculated load. Essentially if the room 
requires 5% of the equipments capacity the room will need 5% of the blower cfm.  
 
To determine the required cfm per room you must calculate the heating and cooling factors. 
     (Wrightsoft labels this as ‘Air Flow Factor’) 

• Heating Factor = Blower Cfm ∕ MJ8 Heat Loss (for structure) 

• Cooling Factor = Blower Cfm ∕ MJ8 Sensible Load (for structure) 
Solve for today’s house 

• Heating Factor = 830 ∕ 26,026 = .032 

• Cooling Factor = 995 ∕ 15,736 = .063 
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          Manual D 
                                    Duct Sizing 

 
The Wrightsoft program does most of the work for you. The proper inputs are critical.  
 
Determine your available static pressure: 

1. Start with the static pressure you used for the equipment. Remember we used .7 IWC.  
2. Enter the AC coil resistance. This found in the manufactures performance data. 
3. Enter heat exchanger resistance. Ours was included with the performance data. 
4. Enter supply registers and return grille resistance. We will use .03 IWC.  
5. Enter filter resistance. Most performance data includes ‘cost effective’ filter. 
6. Enter humidifier resistance, from manufactures performance data. 
7. Enter balancing dampers if used. 
8. Any other devices like air cleaners etc.  
 
 

 
 

 
This is the friction rate formula:   ASP x 100 ∕ TEL 
Where:  
ASP = Available static pressure 
100 = The friction rate is per 100’ of duct length 
TEL = Total Equivalent Length of ductwork 
 
Solve: 
.29 x 100 ∕ 325 = .089 
 

   Per Manual D the friction rate must be not less than 0.06 and not more than 0.18.  
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                                   Manual D 
                                   Duct Sizing 
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          Manual D 
               Duct Sizing 
                                    Duct preferences for today’s house 
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     Manual D 
             Duct Sizing 
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      Manual D 
                Duct Sizing 
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                 Today’s House 
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                               Manual D 
        Duct Sizing  
     Today’s House 
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                       Manual D 
               Duct Sizing 
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                       System Verification with Testing 
     Now that the designers have done their job it is now up to the builder and the trade contractors.  

 
Contractor               Date   
Subdivision             
Address         Lot       

          
   Rough Duct Leakage             
                 
   Duct Leakage         Pass Fail 
    Leakage Maximum             
                 
          
   Rough Pressures & Flows             
                 
   Static Pressure yes no       
   Coil Present           
   Filter Removed           
   Cooling Speed           
   Return Pressure          
   Supply  Pressure          

   Total Static Pressure   Pa.     Pass Fail 
    Maximum Static Pressure               
   Air Cycler low high        
   Measured Flow        Pass Fail 
    Design Air Flow               
            
   Air Flow For Cooling low high       
    Design Air Flow         Pass Fail 
   Total Supply Measured Air Flow               
          
   Final Commissioning             
   Air Flow           Pass Fail 
   All Rooms +-20% of Design            
   All Rooms <3Pa.               
   Heating            
   Return Air Temp          
   Supply Air Temp          
   Furnace Heatrise        Pass Fail 
    Furnace Heatrise Range               
   Air Conditioning             
   Condenser Air Entering Temp          
   Target Subcooling from Mfg.   <12 SEER=10      
   Liquid Line Temp   12SEER =15      

   
High Side Temp (from gauge 
chart)        Pass Fail 

   Actual Subcooling   3 degrees from target?     
   Structural Floor Exhaust Fan low high       
   Measured Flow        Pass Fail 
    Design Air Flow               
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Contact Information: 
 
Gil Rossmiller 
E-Mail --   grossmiller@parkeronline.org 
 
 
 


